The purpose of this study was to investigate optimum test conditions of acoustical-mechanical measurement of wafer analysed by Acoustic Envelope Detector attached to the Texture Analyser. Forcedisplacement and acoustic signals were simultaneously recorded applying two different methods (3-point bending and cutting test). In order to study acoustical-mechanical behaviour of wafers, the parameters "maximum sound pressure", "total count peaks" and "mean sound value" were used and optimal test conditions of microphone position and test speed were examined. With a microphone position of 45°angle and 1 cm distance and at a low test speed of 0.5 mm/s wafers of different quality could be distinguished best. The angle of microphone did not have significant effect on acoustic results and the number of peaks of the force and acoustic signal decreased with increasing distance and test speed.
Introduction
Quality of wafer products is generally examined and categorised according to textural property which is mainly called crispness considered as a primary textural attribute measured during bending and snapping of crispy foods at the first bite (Vickers, 1983; Duizer, 2004; Mallikarjunan, 2004; Martinez-Navarrete, Moraga, Talens, & Chiralt, 2004) . In general knowledge, as higher is the crispness value, higher is quality of wafer however determination of crispness and its perception by consumers greatly varies from individual to individual and from country to country (Bourne, 2002) . This brings food researchers huge difficulty to identify parameter that is scientifically meaningful and easy to measure. In order to identify crispness, many sensory test panels have been still performed and large variations of results have been estimated. Although, sensory test methods are fundamental methods to determine crispness (Christensen & Vickers, 1981; Vickers, 1984) , due to the difficulties such as time consuming, not convenient for routine tests, requiring more statistical works and most of all providing participants who have Copyright ©2018 ISEKI-Food Association (IFA) 10.7455/ijfs/7.1.2018.a2 good knowledge in texture attributes, other test techniques; mechanical-acoustical tests and their parameters are applied and evaluated by using some crispy foods which are mechanically brittle and emit sound during consumption (Duizer, 2004; Gregersen et al., 2015; Roudaut, Dacremont, Pamies, Colas, & Le Meste, 2002; Zdunek, Cybulska, Konopacka, & Rutkowski, 2011) . Sounds of crispy products during mechanical tests can be detected and evaluated by applying acoustical methods (Edmister & Vickers, 1985; Seymour & Hamann, 1988; Tesch, Normand, & Peleg, 1996; Duizer, 2004) . Acoustic detection devices connected to texture analyser can provide to obtain information about crispness from the acoustic and force/displacement curves acquired during mechanical measurements of wafer and parameters on these curves can be calculated and correlated by sensory test results. Recently, related studies were carried out by some researches and good correlation values between sensory and acoustical-mechanical tests were estimated in different types of crispy foods (Dematte et al., 2014; Piazza & Giovenzana, 2015; Wiktor et al., 2016; Zdunek et al., 2011; Saeleaw, Duerrschmid, & Schleining, 2012; Chanvrier, Jakubczyk, Gondek, & Gumy, 2014; Blonska, Marzec, & Blaszczyk, 2014; Giacosa et al., 2016; Jakubczyk, Gondek, & Tryzno, 2017) . Moreover, parameters and deformation techniques were improved and test conditions such as test speed and microphone location were noticed as critical factors affecting the results of acoustical methods in some studies at the beginning of this type of researches (Chen, Karlsson, & Povey, 2005; Varela, Chen, Fiszman, & Povey, 2006; Varela, Salvador, & Fiszman, 2008) . In this study, in order to distinguish quality differences of wafer samples in terms of crispness, acoustical-mechanical tests were carried out by using acoustic envelop detector and microphone attached to texture analyser. Two different fracturing methods (3-point bending and cutting test methods) and acoustical parameters were used and optimum test conditions of microphone positions and test speeds were examined.
Materials and Methods

Materials
Nine different brands of wafers; Bella, Manner, Sweet Gold, Napoli, Biscoteria, Jadro, Fin Carre (Normal), Fin Carre Strawberry and Fin Carre Limon with the dimension of 16 mm thickness, 51 mm length and 18 mm width were purchased from local markets. Samples were kept in its original package in a dark place at about 24°C. For each experiment, in order to avoid humidity absorption, a new package was opened and in case samples were not of the same size, a sharp knife was used for trimming. All samples were measured within maximum 20 minutes.
Texture measurement
All measurements were carried out with a texture analyzer TAXT.plus (Stable Micro Systems, Surrey, U.K) connected with the standard microphone (Brüel Kjaer, Type 2671 Naerum, Denmark). The reaction force was determined by a 5 kg load cell and the microphone was calibrated with the acoustic calibrator type 4231 (Brüel Kjaer) at 94 and 114 dB sound pressure level (SPL). The amplifier was set to level 4. Chen et al. (2005) explained that the intensity of the vibration of original source, the travel distance and the available sound paths affect the strength of the sound. Therefore, the position of the detecting microphone is important to measure acoustic signals. On this huge random of possibilities, nine positions were selected for microphone. Tests were made in 3 different angles (0°, 45°, 90°) and 3 different distances (1 cm, 5 cm and 10 cm) for each angle totally nine different location. Product Bella were used to investigate best microphone position by applying 3-point bending at 1.0 mm/s test speed. Two deformation methods were used to investigate crispness of wafer samples; 3-point bending (Alvarez, Saunders, Vincent, & Jeronimidis, 2000; Baltsavias, 1996; Castro-Prada, Luyten, Lichtendonk, Hamer, & Van Vliet, 2007; Chen et al., 2005) and cutting test methods (CastroPrada et al., 2007) . For the 3-point bending, the sample lays on two supports and a compressing IJFS April 2018 Volume 7 pages 13-23
Optimum test conditions to evaluate sound emission of wafers during deformation 15 bar moves down between these supports, bending the food until it snaps (Table 1) . For the cutting test the samples lays on a flat metal platform, and a trapezium-shaped stainless steel blade (60 mm length, 19 mm height and 0.65 mm width) cuts the sample to for a distance of 9 mm (Table  2) . Four different test speeds of 0.1, 0.5, 1.0 and 1.5 mm/s were applied to examine the optimum test speed for the 3-point bending and cutting test (see table 1 and 2 for test settings). Measurements were repeated ten times for the product Bella. Parameters of maximum sound pressure (MSP), total count peaks (TCP) and mean sound value (MV) were calculated from the acousticdisplacement curve within a range from 0 to 10 resp. 20 mm using the Exponent software (Stable Micro System Surrey, U.K) (see Figure 1 and 2).
Statistical analysis
Results were studied and evaluated by SPSS software with Analysis of Variance (ANOVA) and multiple range tests.
Results and Discussions
Selection of the microphone position
In order to find the best position for the microphone, nine different positions; 0°-1 cm, 45°-1 cm, 90°-1 cm, 0°-5 cm, 45°-5 cm, 90°-5 cm, 0°-10 cm, 45°-10 cm, 90°-10 cm and test speed of 1.0 mm/s was applied for the product "Bella" with the 3-point bending method, which has been used for acoustic tests by several researchers (CastroPrada et al., 2007; Chen et al., 2005) .
The maximum sound pressure (MSP) and the total count peaks (TCP) were examined to see in which position these parameters have the smallest variability (see Figure 3 and 4). Table 3 and  Table 4 show standard deviations (SD) and average values of MSP and TCP at the nine different microphone positions. Table 3 demonstrates that generally the average values of the MSP and TCP decrease and the standard deviation of MSP increase with the microphone distance. For TCP there was no significant effect on the standard deviation. Figure 3 and Figure 4 show that the angle had no significant effect on the MSP and TCP. This was also observed by Chen et al. (2005) . Considering Table 3 , optimum microphone angle and distance can be selected as 45°angle-1 cm distance since at this position lower standard deviations and high average values of MSP were measured compared to the other positions. Because of low variability and high values at small distance for both parameters, the choice of the best microphone position according to the MSP and TCP was 1 cm distance 45°.
Selection of the test speed
The microphone position of 45°angle and 1 cm distance was used to select best test speed. Parameters of MSP, TCP and mean sound value (MV) were evaluated from the obtained curves (Figure 1 and 2) and results are illustrated in Table 4 shows that how variances of MSP, TCP and MV change as a function of test speed in 10 replications (Bella brand of sample tested for each speed within ten replications). guishing acoustic signals during breakup of biscuits at low speeds than fast speeds. It was noticed that the device probably fails to pick up all individual acoustic events at high testing test speed for some products. This is due to a too large integration time of the acoustic emission detector that makes the device unable to distinguish two sequential acoustic events. The current default integration time works well for the majority of crispy foods at a reasonably low test speed, but a shorter integration time should be considered for acoustic-rich products. Especially variations of other acoustic parameters, such as TCP, showed an obviously loss of this information at high speeds. Although the variability was lower at high test speeds and especially high at 0.1 mm/s 0.5 mm/s was selected in order not to lose acoustical events at high test speeds.
Comparison of quality differences of wafers by means of crispness
A test speed of 0.5 mm/s and microphone position of 45°angle with-1 cm distance from the sample were used to distinguish quality differences of nine brands of wafers by applying a 3-point bending test. Table 5 illustrates the average values and standard deviations of MSP, TCP and MV of the brands of wafers. There are significant differences (p<0.05) between MSP, TCP and MV values of nine brands of wafers. The products Jadro, Fin Carre, Fin Carre Lemon, Fin Carre Strawberry and Napoli were placed in same group regarding MSP values more than 80 dB (see Fig. 5 and ing mechanical deformations and as higher number of sound events, the higher is the crispness. Based on this, it could be said that products Fin Carre group and Sweet Gold are more crispy than the other 5 brands of wafers.
Conclusion
Comparing the 2 methods, it could be concluded that the 3-point bending test is more convenient and reliable than the cutting test since there were difficulties to distinguish acoustical events whether caused by friction of the knife or by breaking of the wafer.
The best microphone position was selected as 45°a nd 1 cm distance from the breaking point of the wafer due to lower variability. The smaller the distance the higher are the values of the evaluated parameters and in general the lower the variability. The angle of microphone did not significant effect. The results of the test speed measurements displayed that especially number of recorded peaks at high test speeds (1.0 and 1.5 mm/s) were less than at slower test speeds, because there is loss of acoustic events at high speeds. As the evaluated parameters showed a much higher variability at the lowed test speed of 0.1 mm/s, 0.5 mm/s was chosen.
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